Sugar-Mediated Stabilization of Protein against Chemical or Thermal Denaturation.
The protective action of sugars against the denaturation of myoglobin was clarified by X-ray and neutron scattering methods. Different types of sugars such as disaccharides (trehalose, sucrose) and monosaccharides (glucose, fructose) were used. Experimental data and theoretical simulation based on three different solvation models (preferential solvation model, nonpreferential solvation model, and preferential exclusion (hydration) model) indicated that sugar molecules were preferentially or weakly excluded from the protein surface and preserved the native protein hydration shell. This trend was more evident for disaccharides. The preferential exclusion shifted gradually to the nonpreferential solvation at higher sugar concentrations. On the protective actions of the sugars against the guanidinium-chloride-mediated denaturation, all sugars, starting from the low concentration of 5% w/v, showed the protective trend toward the protein native structure, especially for the secondary structure. The thermal structural transition temperature of myoglobin was raised by about 4-5 °C, accompanied by amyloid formation, for all hierarchical structural levels. In particular, the oligomer formation of the amyloid aggregates was more suppressed. The above protective action was sugar-dependent. The present results clearly suggest that sugars intrinsically protect the native structure of proteins against chemical and thermal denaturation through the preservative action of the hydration shell.